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(57) ABSTRACT

A slip joint clamp 1s disclosed which structurally replaces
cracked welded joints 1n the core spray downcomer slip joint
coupling, which 1s part of the lower portion of internal core
spray piping internal to a reactor vessel of a Boiling Water
Reactor plant. The internal piping delivers core spray cooling
water to the reactor core region. The clamp assembly consists
of a primary clamp housing and a secondary clamp housing,
which are rotationally joined together by a hinge assembly
including a hinge pin. The clamp assembly 1s 1nstalled at a
desired elevation relative to the downcomer slip joint, and
then secured to the downcomer piping by installing coupling
bolts and associated coupling bolt keeper nuts that hold the
primary and secondary clamp housings 1n a facing relation-
ship to one another around the downcomer slip joint.

19 Claims, 10 Drawing Sheets
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APPARATUS FOR REPAIRING A CORE
SPRAY DOWNCOMER PIPE SLIP JOINT
COUPLING

The present invention relates to core spray piping systems
in operating boiling water reactors (BWRs), and more par-
ticularly to a repair device for structurally replacing cracked
welded joints 1n the core spray downcomer pipe slip joint
coupling.

BACKGROUND OF THE INVENTION

Common to most operating BWR’s, the core spray cooling,
water 1s delivered to the reactor core region by piping internal
to the reactor vessel. The core spray piping systems 1n oper-
ating BWR’s are of welded construction. The welds 1n the
original core spray system piping are susceptible to Inter-
granular Stress Corrosion Cracking (1GSCC).

The lower portion of BWR’s internal core spray piping 1s
commonly referred to as the “downcomer piping”. There are
a total of four vertical downcomer pipes, which supply cool-
ing water to sparger piping interior to the shroud 14. Two of
these downcomer pipes 10 located on one side of the shroud
14 are shown in FIG. 1. Each of the downcomer pipes 10
consists of two separate vertical piping segments 16 and 18,
which are joined together at the time of reactor vessel assem-
bly by a slip joint coupling 20, as shown in cross-sectional
view 1n FIG. 2. The lower segment 18 of the downcomer 10
incorporates a receptacle 22, which 1s welded 1n the shop to
the lower vertical segment 18 of piping by virtue of a P7 weld.
During reactor vessel assembly, the upper piping segment 16
of the downcomer 1s trimmed 1n length to mate with the lower
segment 18. A sleeve 24, which slides on the upper down-
comer piping segment 16 1s then 1nserted into the receptacle
22, thereby covering a joint 26 between the upper and lower
piping segments 16 and 18. Circumierential fillet welds, P35
and P6, are then applied to seal the slip joint 26 with the upper
downcomer piping segment 16 and receptacle 22, respec-
tively. It 1s worthy to note that even though separate down-
comer pipes may penetrate the shroud 14 at different eleva-
tions, typically, the slip joint couplings 20 are all located at the
same elevation in a reactor vessel 12.

In the event that cracking should occur 1n any one of the
three slip joint coupling welds P5, P6 and/or P7, the structural
integrity of the downcomer slip joint coupling 20 would be
lost. A preemptive repair would be to install a clamping
device, which would prevent separation of the downcomer
slip joint coupling 1n the event that circumiferential through-
wall cracking should occur. The present invention 1s directed
to a remotely installed repair device, which structurally
replaces cracked welded joints 1n the core spray downcomer
slip joint coupling.

BRIEF DESCRIPTION OF THE INVENTION

In an exemplary embodiment of the invention, a clamping,
device for supporting or structurally replacing a cracked weld
jo1int between connected pipes comprises an primary clamp
housing, a secondary clamp housing, a hinge assembly rota-
tionally joining together the primary and secondary clamp
housings, at least one coupling bolt and at least one coupling,
bolt keeper nut joined together to connect the primary and
secondary clamp housings together and thereby secure the
primary and secondary clamp housings on opposite sides of
the connected pipes 1n facing relation, the at least one cou-
pling bolt extending through portions of the connected pri-
mary and secondary clamp housings not engaging the con-
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nected pipes, at least first and second lateral pins inserted into
the primary and secondary clamp housings, respectively, the
at least first and second lateral pins being seated 1n corre-
sponding conical holes machined in the connected pipes, and
at least first and second lateral pin keepers corresponding to
the at least first and second lateral pins, the at least first and
second lateral pin keepers being located on the primary and
secondary clamp housings, respectively, a portion of each of
the at least first and second lateral pins engaging a comple-
mentary portion of the at least first and second lateral pin
keepers, respectively, so as to prevent rotation of the at least
first and second lateral pins and thereby retain a preload on
cach of the at least first and second lateral pins.

In another exemplary embodiment of the invention, a
clamping device for supporting or structurally replacing a
cracked weld between connected pipes 1n a core spray line 1n
a boiling water nuclear reactor comprises a primary clamp
housing including a first curved portion, a secondary clamp
housing including a second curved portion, a hinge assembly
rotationally joining together the primary and secondary
clamp housings, at least one coupling bolt and at least one
coupling bolt keeper nut connecting the primary and second-
ary clamp housings together so as to secure the primary and
secondary clamp housings on opposite sides of the spray line
connected pipes in facing relation, the at least one coupling
bolt extending through extensions of the connected primary
and secondary clamp housings, at least one first lateral pin
inserted mto the first curved portion of the primary clamp
housing, a distal end of the at least one first lateral pin seating
into a first conical hole machined in the spray line connected
pipes, at least one {first lateral pin keeper positioned on the
primary clamp housing engaging the at least one first lateral
pin, at least one second lateral pin inserted into the second
curved portion of the secondary clamp housing, a distal end of
the at least one second lateral pin seating 1nto a second hole
machined in the spray line connected pipes, and at least one
second lateral pin keeper positioned on the secondary clamp
housing engaging the at least one second lateral pin, the first
and second lateral pins each including ratchet teeth that inter-
tace with corresponding teeth of the first and second lateral
pin keepers, respectively, to prevent rotation of the first and
second lateral pins to thereby retain preloads on the first and
second lateral pins.

In a further exemplary embodiment of the invention, a
method of supporting or structurally replacing a cracked weld
joint between connected pipes using a clamping device com-
prises the steps of providing a primary clamp housing with a
first extension, providing a secondary clamp housing with a
second extension, providing a hinge assembly, joining the
primary and secondary clamp housings together on a first side
using the hinge assembly, inserting at least one coupling bolt
through the first and second extensions of the primary and
secondary clamp housings, joining the primary and second-
ary clamp housings together on a second side corresponding
to the first and second extensions by mating the at least one
coupling bolt with at least one corresponding coupling bolt
keeper nut to thereby secure the primary and secondary clamp
housings on opposite sides of the connected pipes in facing
relation, forming at least one first hole 1n the connected pipes
in an area encompassing the cracked weld joint using the
primary clamp housing as a guide, forming at least one sec-
ond hole 1n the connected pipes 1n an area encompassing the
cracked weld joint using the secondary clamp housing as a
guide, mserting at least one first lateral pin nto a curved
portion of the primary clamp housing so that the at least one
first lateral pin seats into the first hole formed 1n the pipe,
inserting at least one second lateral pin into a curved portion
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ol the secondary clamp housing so that the at least one second
lateral pin seats into the second hole formed in the pipe,
providing on the curved portion of the primary clamp housing,
at least one first lateral pin keeper corresponding to the at least
one first lateral pin, providing on the curved portion of the
secondary clamp housing at least one second lateral pin
keeper corresponding to the at least one second lateral pin, the
at least one first and second lateral pins each having teeth that
interface with complementary teeth of the at least one first and
second lateral pin keepers so as to prevent rotation of the at
least one first and second lateral pins to thereby retain pre-
loads on the at least one first and second lateral pins.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1sometric view ol downcomer piping.

FIG. 2 15 a cross-sectional view of downcomer piping.

FI1G. 3 1s ani1sometric view ol the slip joint clamp assembly.

FI1G. 4 1s an 1sometric view of the slip joint clamp assembly
installed on downcomer piping.

FIG. 5 1s a plan view of the slip joint clamp assembly
installed on downcomer piping.

FIG. 6 1s a plan view of the lateral pins installed in the

clamp assembly.

FI1G. 7 1s a cross-sectional view of the lateral pins installed
in the clamp assembly.

FIG. 8 15 a cross-sectional view of the lower lateral pins
installed 1n the clamp assembly.

FIG. 9 1s a cross-sectional view of upper lateral pins
installed 1n the clamp assembly.

FIG. 10 1s an 1sometric view of the inside of the primary
clamp housing.

FIG. 11 1s an 1sometric view of the outside of the primary
clamp housing.

FIG. 12 1s an 1sometric view of the inside of the secondary
clamp housing.

FI1G. 13 1s an 1sometric view of the outside of the secondary
clamp housing.

FI1G. 14 1s an 1sometric view of a coupling bolt.

FIGS. 15(a) and (&) are 1sometric views ol a coupling bolt
keeper nut.

FIG. 16 1s an 1sometric view of a lateral pin.

FIG. 17 15 an 1sometric view of a lateral pin Keeper (For-
ward Facing Teeth).

FIG. 18 1s an 1sometric view of a lateral pin keeper (back-
ward facing teeth).

FI1G. 19 1s an 1sometric view of a hinge pin.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s directed to a clamp, which struc-
turally replaces cracked core spray downcomer slip joint
welds. More specifically, the present invention 1s directed to a
slip joint clamp for repairing cracked downcomer slip joint
welds 1n Boiling Water Reactor plants with varying sized
downcomer pipes.

One embodiment of a slip joint clamp assembly 30 1s
shown 1n 1sometric representation in FIG. 3. The clamp
assembly 30 includes a primary clamp housing 32 and a
secondary clamp housing 34, which are rotationally joined
together by a hinge assembly including a hinge pin 36
inserted through a plurality of hinge knuckles 46 attached to
primary and secondary clamp housings 32 and 34. One
embodiment of the hinge pin 36, which joins the primary and
secondary clamp housings 32 and 34 together, 1s shown 1n

FIG. 19.
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The design of the primary and secondary clamp housings
32 and 34 are similar, as can be seen from FIGS. 10 through
13. The primary clamp housing 32 includes a curved portion
33 to which are attached pretferably three hinge knuckles 46,
and within which are located preferably two contact pads 48
and two bumper pads 50. The secondary clamp housing 34
also includes a curved portion 35 to which are attached pret-
erably two hinge knuckles 46, and within which are located
preferably one contact pad 48 and one bumper pad 50. One
other feature unique to the primary housing 32 1s a pilot hole
51 drilled 1n one hinge knuckle 46 of the housing. This pilot
hole 1s provided for the installation of a dowel pin (not
shown), which 1s installed at assembly and functions to main-
tain the hinge pin 36 captive to the clamp assembly 30. The
contact pads 48 of the primary and secondary housings 32 and
34 mtertace with the lower piping segment 18 of the down-
comer pipe 10. These three contact pads 48 are machined with
a nominal radius of curvature, so as to interface with the
outside surface of the downcomer pipe 10 1n a stable manner,
as shown 1n FIG. 8.

The installation of the clamp assembly 30 over a cracked
slip joint weld 1s simplified by using a specialized tooling
fixture (not shown). This tooling assists 1n locating the clamp
assembly 30 at the desired elevation relative to the down-
comer slip joint 20. The clamp assembly 30 1s then secured to
the downcomer piping by installing a plurality of coupling
bolts 38 through bolt extensions 41 and 43 on the sides of
primary and secondary clamp housings 32 and 34, and then
securing the bolts 38 1n place with a corresponding plurality
of associated coupling bolt keeper nuts 40. It should be noted
that bolt extensions 41 and 43 extend from sides of primary
and secondary clamp housings 32 and 34 that are opposite
those from which hinge knuckles 46 extend.

The 1nstallation orientation of clamp assembly 30 on the
downcomer pipe 10 1s shown 1n FIGS. 4, 5 and 6. With clamp
assembly 30 properly positioned, five conical holes 44 are
machined into the downcomer pipe 10 (FIGS. 7-9). This
machining operation 1s accomplished by fixturing an electric
discharge machining (“EDM”) actuator (not shown) sepa-
rately with each of the five apertures provided to recerve the
lateral pins 42 1n the primary and secondary clamp housings
32 and 34. This ensures that the resulting machined holes 44
are located exactly in the intended locations for five lateral
pins 42, which interface with the downcomer piping 10.
These conical holes are machined with an included angle of
20 degrees and are machined to a specified depth. Once the
hole machining operation 1s completed, the lateral pins 42 are
installed and seated in the conical holes 44 of the downcomer
piping 10. The clamp assembly 30 1s mitially installed with-
out the five lateral pins 42 being 1nserted 1n assembly 30, as
shown 1n FIGS. 4 and 5. The rotational orientation shown 1n
these figures provides equidistant accessibility to the two
upper lateral pin locations nearest the reactor vessel wall 12.
The use of the lateral pins 42 minimizes the potential leakage
ol core spray coolant and also provides the necessary struc-
ture to prevent downcomer separation under all postulated
normal, upset, emergency and faulted events. The proper
seating of the lateral pins 42 1s readily apparent in the cross-
sectional views of FIGS. 7 through 9.

The two lower lateral pins 421, when 1nstalled, interface
with the lower segment 18 of the downcomer piping 10, as
shown i FIG. 8. This prevents relative axial movement
between the clamp assembly 30 and the lower downcomer
piping segment 18. The other three upper lateral pins 42U,
when 1nstalled, interface with the upper segment 16 of the
downcomer piping 10, as shown in FIG. 9. These upper lateral
pins 42U serve two purposes. First, they prevent relative axial
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movement between the clamp assembly 30 and the upper
downcomer piping segment 16, which coupled with the lower
lateral pins 421, prevent axial separation of the upper and
lower downcomer piping segments 16 and 18. Secondly,
upper lateral pins 42U provide lateral support to the upper
downcomer piping segment 16.

Bumper pads 50 are incorporated into the design of the
primary and secondary clamp housings 32 and 34. In the
unlikely event of circumierential weld failure of the P35 and P6
welds referenced to 1 FIG. 2, a cylindrical segment of the
core spray downcomer piping could become separated and
thus become a loose part 1n the core spray downcomer flow-
stream. The bumper pads 50 of the primary and secondary
clamp housings 32 and 34 are strategically located to limat
lateral movement of this piping segment. A small radial gap
52 (FIG. 7) must be provided between the bumper pad 50 and
the downcomer piping 10, thus allowing for potential mis-
alignment of the upper and lower downcomer piping seg-
ments 16 and 18.

Three coupling bolts 38 and associated coupling bolt
keeper nuts 40 provide a mechanical preload or clamping
force between the primary and secondary clamp housings 32
and 34. These coupling bolts 38 and coupling bolt keeper nuts
40 are shown respectively in FIGS. 14 and 15. The distal end
54 of the coupling bolt 38 1s machined to a diameter slightly
smaller than the mside diameter of a cylindrical thin-walled
crimp collar 56 of the coupling bolt keeper nut 40, and 1s
machined with a plurality of flutes 58, which interface with
the crimp collar 56 of the coupling bolt keeper nut 40. The
proximal end 60 of the coupling bolt incorporates a spherical
seating surface 62, which interfaces with a simailar spherical
seating surface 64 of the secondary clamp housing 34. The
design of the coupling bolt keeper nut 40 also incorporates a
spherical seating surface 66, which interfaces with the mating
spherical seating surface 68 of the primary clamp housing 32.
These spherical seating surfaces, 62, 64, 66, and 68, alleviate
any bending stresses 1n the mechanically preloaded coupling
bolts 38. In addition, the thin-walled cylindrical crimp collar
56 1s provided 1n the design of the coupling bolt keeper nut 40
so that, once the proper mechanical preload 1s applied to the
coupling bolt during clamp installation, the crimp collars 56
of the coupling bolt keeper nuts 40 are deformed mechani-
cally over the fluted ends 58 of the coupling bolts 38, thus
preventing any relative rotational movement between these
two components 1n the flow induced vibration environment of
an operating reactor.

As shown 1 FIG. 11, the primary clamp housing 32 also
includes two holes 37 through which two lateral pins 42 are
inserted, as shown in FIG. 3. As shown 1in FIG. 13, the sec-
ondary clamp housing 34 also includes three holes 37 through
which three lateral pins 42 are inserted, as shown 1n FIG. 6.
The lateral pins 42 serve to prevent the connected downcomer
pipes 10 with the cracked weld from separating after the
clamp assembly 30 1s installed over them. Machined into
primary and secondary clamp housings 32 and 34 are counter-
bored seating surfaces 39 surrounding holes 37.

One embodiment of the lateral pin 42 1s 1llustrated 1n FIG.
16. Preterably, the lateral pin 42 shown in FIG. 16 includes a
hexagonal-shaped head 61 and a middle circular portion 65
with an enlarged diameter and a plurality of ratchet teeth 72
extending around the circumierence of the middle circular
portion 65. A “V” shaped groove 63 machined into the hex-
agonal head 61 of each of the lateral pins 42 1s a tooling
teature designed to facilitate holding of the lateral pin 42 for
remote delivery of such bolts into a reactor during installation
of clamp assembly 30 onto core spray line 10 piping. A
similar “V”” shaped groove 63 1s machined 1nto the hexagonal
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head 59 of the coupling bolts 38, and 1n a hexagonal mid-
section 57 of coupling bolt keeper nuts 40. Extending from a
lower surface 45 of middle circular portion 65 1s a threaded
shaft 67 with a conical shaped end 70. Threaded shait 67
tacilitates the mnsertion of the lateral pin 42 into primary and
secondary clamp housings 32 and 34.

The conically shaped distal ends 70 of lateral pins 42 are
designed to seat into the conical EDM holes 44 in the down-
comer piping 10. Additionally, the ratchet teeth 72 are
designed to interface with corresponding teeth 74 and 76 of
lateral pin keepers 78 and/or 80 shown in FIGS. 17 and 18.
The lateral pin keepers shown in FIGS. 17 and 18 are mirrored
or opposite hand parts, with exception of the orientation or
facing direction of the respective ratchet teeth 74 and 76, 1.¢.,
forward facing versus backward facing. These lateral pin
keepers 78 and 80 are designed to permit only clockwise
rotation ol the lateral pins 42, and thus prevent loss of
mechanical preload when the clamp assembly 30 1s subjected
to flow induced vibration. For this purpose, ratchet teeth 74
and 76 of lateral pin keepers 78 and 80 engage the ratchet
teeth 72 of lateral pins 42 to prevent rotational movement of
lateral pins 42.

Primary clamp housing 32 preferably includes two lateral
pin keepers 78 (F1G. 18), which are held captive in machined
depressions 45 (FIG. 11) 1n the curved portion 33 of primary
clamp housing 32. Secondary clamp housing 34 preferably
includes three lateral pin keepers 78 and 80 (FIGS. 17 and
18), which are held captive in machined depressions 47 (FI1G.
13) 1n the curved portion 35 of secondary clamp housing 34.

Primary clamp housing 32 also preferably has two lateral
pins 42 (FI1G. 3), which are threaded through lateral pin pen-
ctration holes 37 1n the curved portion 33 of primary clamp
housing 32 (FIG. 11). Secondary clamp housing 34 prefer-
ably has three lateral pins 42 (FIG. 6), which are threaded
through lateral pin penetration holes 37 in the curved portion
35 of secondary clamp housing 34 (FIG. 13). The lateral pins
42 are maintained captive at these locations by interfacing
with the lateral pin keepers 78 or 80. The function of the
lateral pin keepers 78 and 80 1s to permit only clockwise
rotation of the lateral pins 42 once they have been tully
threaded 1nto curved portions 33 and 335 of primary and sec-
ondary clamp housings 32 and 34, to thereby retain lateral pin
preload when subjected to flow induced vibration.

The lateral pins 42 are incorporated 1nto the design of the
clamp assembly 30 to provide a positive means of preventing
pipe separation and the resultant uncontrolled leakage 1n the
event of a weld failure. As can be seen from FIGS. 17 and 18,
the lateral pin keepers 78 and 80 are preferably shaped like a
hairpin, which consists of essentially two cantilever beams 82
and 84 joined at one end 86. There are retaining features at the
free ends 88 and 90 of the first and second cantilever beams 82
and 84, and also at the common end 86 where both beams are
joined together. In addition, the retaining feature at the end 88
ol the first cantilever beam 84 also incorporate the teeth 74 or
76, which interface with the teeth 72 of the lateral pin 42 and
function to prevent rotation of the lateral pin 42 1n the direc-
tion that decreases bolt preload.

As shown 1 FIGS. 11 and 13, seating surfaces 39 sur-
rounding lateral pin penetration holes 37 oppose, but do not
contact, surfaces 45 on lateral pins 42 when such pins are
threaded into lateral pin penetration holes 37 1n primary and
secondary clamp housings 32 and 34. Surfaces 45 do not
contact seating surfaces 39 because, as lateral pins 42 are
tully threaded into primary and secondary clamp housings 32
and 34, the conically shaped distal ends 70 of the lateral pins
42 seat into conical holes 44 machined 1n the downcomer
piping 10.
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Subsequent to installation of the lateral pins 42 and final
application of torque to the coupling bolt keeper nuts 40, the
crimp collars 56 of the clamp bolt keeper nuts 40 are crimped
over the fluted ends 38 of the coupling bolts 38.

While the invention has been described 1n connection with
what 1s presently considered to be the most practical and
preferred embodiment, 1t 1s to be understood that the mven-
tion 1s not to be limited to the disclosed embodiment, but on
the contrary, 1s intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What 1s claimed 1s:

1. A damping device for supporting or structurally replac-
ing a cracked weld joint between connected pipes, the clamp-
ing device comprising;

a primary clamp housing,

a secondary clamp housing,

a hinge assembly rotationally joining together the primary

and secondary clamp housings,

at least one coupling bolt and at least one coupling bolt
keeper nut joined together to connect the primary and
secondary clamp housings together and thereby secure
the primary and secondary clamp housings on opposite
sides of the connected pipes 1n facing relation, the at
least one coupling bolt extending through portions of the
connected primary and secondary clamp housings not
engaging the connected pipes,

at least first and second lateral pins mserted into the pri-
mary and secondary clamp housings, respectively, the at
least first and second lateral pins being seated 1n corre-
sponding holes machined 1n the connected pipes, and

at least first and second lateral pin keepers corresponding to
the at least first and second lateral pins, the at least first
and second lateral pin keepers being located on the pri-
mary and secondary clamp housings, respectively,

a portion of each of the at least first and second lateral pins
engaging a complementary portion of the at least first
and second lateral pin keepers, respectively, so as to
prevent rotation of the at least first and second lateral
pins and thereby retain a preload on each of the at least
first and second lateral pins.

2. The clamping device of claim 1, wherein each of the
primary and secondary clamp housings include at least one
contact pad and at least one bumper pad for interfacing with
an outside surface of the connected pipes to which the pri-
mary and secondary clamp housings are applied, the at least
one contact pad having a nominal radius of curvature relative
to a nominal radius of curvature of the connected pipes that
ensures that the clamping device engages the connected pipes
in a stable manner.

3. A clamping device according to claim 2, wherein the
primary clamp housing includes a plurality of bumper pads
and a plurality of contact pads engaging the connected pipes,
and wherein the secondary clamp housing includes a single
bumper pad and a single contact pad engaging the connected
pIpes.

4. The clamping device of claim 1, wherein the hinge
assembly 1s comprised of a plurality of hinge knuckles
attached to the primary and secondary clamp housings and a
hinge pin mserted through the plurality of hinge knuckles so
as to rotationally attach the primary and secondary clamp
housings together.

5. The clamping device of claim 1, wherein the at least one
coupling bolt keeper nut 1s threaded over the at least one
coupling bolt so as to cause the primary and secondary clamp
housings to be clamped 1n position on the connected pipes by
virtue of a mechanical tensile force imposed by the at least
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one coupling bolt being held 1n position through the primary
and secondary clamp housings by the at least one coupling
bolt keeper nut.

6. The clamping device of claim S, wherein a plurality of
coupling bolts connect the primary and secondary clamp
housings together, and wherein a corresponding plurality of
coupling bolt keeper nuts are threaded over the plurality of
coupling bolts to secure the primary and secondary clamp
housings on opposite sides of the connected pipes.

7. The clamping device of claim 5, wherein the portions of
the primary and secondary clamp housings comprise primary
and secondary extensions, respectively, that include holes for
receiving the at least one coupling bolt and spherical seating
surfaces surrounding the holes that mate with either at least
one complementary-shaped spherical head of the at least one
coupling bolt or at least one complimentary-shaped spherical
nut that 1s part of the at least one coupling bolt keeper nut.

8. The clamping device of claim 1, wherein a distal end of
the at least one coupling bolt 1s machined to an outside diam-
cter slightly smaller than an inside diameter of a crimp collar
of the at least one coupling bolt keeper nut and 1s machined
with a plurality of flutes to facilitate crimping of the at least
one coupling bolt keeper nut crimp collar onto the distal end
of the at least one coupling bolt.

9. The clamping device of claim 8, wherein the at least one
coupling bolt keeper nut crimp collar has a wall thickness that
facilitates crimping of the at least one coupling bolt keeper
nut crimp collar onto the distal end of the at least one coupling
bolt.

10. The clamping device of claim 1, wherein a lower por-
tion of the connected pipes has a first lateral pin and a second
lateral pin seated 1n corresponding holes in the lower portion,
and wherein an upper portion of the connected pipe has a first
lateral pin and two second lateral pins seated in corresponding
holes 1n the upper portion.

11. The clamping device of claim 1, wherein the first and
second lateral pin keepers are each shaped like a hairpin
consisting of two cantilever beams joined at one end, and
wherein the complementary portions of the first and second
lateral pin keepers are each a plurality of teeth at the distal end
ol a respective one of the two cantilevered beams, each of the
pluralities of teeth engaging a corresponding plurality of
ratchet teeth on a mid portion of the corresponding one of the
first and second lateral pins.

12. A clamping device according to claim 11, wherein
curved portions of the primary and secondary clamp housings
cach includes at least one hole through which the correspond-
ing one of the first and second lateral pins 1s inserted, each of
the at least one hole including a seating surface that opposes,
but 1s not contacted by, a lower surface of the mid portion of
the corresponding lateral pin when the corresponding lateral
pin 1s fully inserted into the hole, each of the lateral pins
having a conically shaped distal end that seats 1nto a corre-
sponding conically shaped hole machined in the connected
pipes so as to preclude the seating surface and the lower
surface from contacting one another.

13. A clamping device according to claim 11, wherein each
of the pluralities of ratchet teeth extend around a perimeter of
the mid section of the corresponding one of the first and
second lateral pins, the ratchet teeth engaging the correspond-
ing teeth on the corresponding one of the first and second
lateral pin keepers when the corresponding lateral pin keeper
1s recerved 1n at least one slot depression located on the
primary or secondary clamp housing in which the corre-
sponding lateral pin keeper 1s located, the corresponding teeth
and ratchet teeth being configured to limait rotation of the
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corresponding one of the lateral pins 1n a direction that
decreases the preload on the corresponding one of the lateral
pins.

14. A clamping device according to claim 13, wherein the
corresponding one of the lateral pins includes a hexagonal-
shaped head and a “V” shaped groove machined into the
hexagonal head that 1s a tooling feature designed to facilitate
holding of the at least one lateral pin for remote delivery of the
corresponding one of the lateral pins into a reactor during
installation of the clamping device onto the connected pipes.

15. A clamping device for supporting or structurally
replacing a cracked weld between connected pipes 1n a core
spray line in a boiling water nuclear reactor, the clamping
device comprising:

a primary clamp housing including a first curved portion,

a secondary clamp housing including a second curved por-

tion,

a hinge assembly rotationally joining together the primary

and secondary clamp housings,

at least one coupling bolt and at least one coupling bolt

keeper nut connecting the primary and secondary clamp
housings together so as to secure the primary and sec-
ondary clamp housings on opposite sides of the spray
line connected pipes 1n facing relation, the at least one
coupling bolt extending through extensions of the con-
nected primary and secondary clamp housings,

at least one first lateral pin inserted into the first curved

portion of the primary clamp housing, a distal end of the
at least one first lateral pin seating into a {first hole
machined in the spray line connected pipes,

at least one first lateral pin keeper positioned on the pri-

mary clamp housing engaging the at least one first lateral
pin,

at least one second lateral pin inserted into the second

curved portion of the secondary clamp housing, a distal
end of the at least one second lateral pin seating into a
second hole machined 1n the spray line connected pipes,
and
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at least one second lateral pin keeper positioned on the
secondary clamp housing engaging the at least one sec-
ond lateral pin,

the first and second lateral pins each including ratchet teeth

that interface with corresponding teeth of the first and
second lateral pin keepers, respectively, to prevent rota-
tion of the first and second lateral pins to thereby retain
preloads on the first and second lateral pins.

16. The clamping device of claim 135, wherein each of the
primary and secondary clamp housings includes at least one
contact pad and at least one bumper pad for interfacing with
an outside surface of the connected pipes to which the pri-
mary and secondary clamp housings are applied, the nominal
radius of curvature of the at least one contact pad relative to a
nominal radius of curvature of the connected pipes ensuring
that the clamping device engages the connected pipes 1n a
stable manner.

17. The clamping device of claim 15, wherein a distal end
of the at least one coupling bolt 1s machined to an outside
diameter slightly smaller than an 1inside diameter of a cylin-
drical thin-walled crimp collar of the at least one coupling
bolt keeper nut and 1s machined with a plurality of tlutes to
tacilitate crimping of the crimp collar onto the distal end of
the at least one coupling bolt.

18. The clamping device of claim 135, wherein a lower
portion of the connected pipes has a first lateral pin and a
second lateral pin seated 1n corresponding holes 1n the lower
portion, and wherein an upper portion of the connected pipes
has a first lateral pin and two second lateral pins seated in
corresponding holes in the upper portion.

19. The clamping device of claim 15, wherein the first and
second lateral pin keepers are each shaped like a hairpin
consisting of two cantilever beams joined at one end, one of
the two cantilevered beams of each of the first and second
lateral pin keepers having a distal end including teeth that
interface with ratchet teeth on the corresponding first or sec-
ond lateral pins.
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